Abstract. Recently, much effort has been devoted to improving the performance of geosynthetic 14 reinforced walls under various stress conditions. In this research, the effect of using cemented mixed soil 15 as a backfill material is studied on the static response of geosynthetic reinforced soil (GRS) walls. For 
Introduction 32 33
In order to improve the performance of earth structures, various techniques have been 34 proposed up to now. In 1963, stabilizing the soil retaining walls entered a new era by using 35 galvanized steel strips as reinforcement. By introducing geosynthetic reinforcements in the 36 1980s, GRS walls gained popularity due to several advantages, such as cost-effectiveness, 37 and the ability to tolerate deformation and settlement compared with the other type of soil 
44
The main causes of deformation in GRS retaining walls in the absence of surcharge loading 45 are deformation of reinforced soil section and backfill soil, post-construction deformation, 46 deformation due to construction defects, and deformation due to compaction and yielding of 47 the foundation. Therefore, several studies have been carried out to assess the effects of these 48 factors on the behavior of GRS retaining walls [7] .
50
Time-dependent properties of reinforced soils (i.e., backfill soil creep and time-dependent 51 properties of geosynthetic reinforcements) are important causes of post-construction 52 deformation in GRS retaining walls that cannot be neglected in analyses (e.g., [1, [8] [9] [10] [11] ). In 53 this regard, Liu 2012 employed calibrated finite element models to study the short-term (end 54 of construction (EOC)) and long-term (10 years of creep) performance of GRS retaining 55 walls [12] . They investigated the effects of reinforcement spacing, type of backfill soil, 56 reinforcement stiffness and length. The results showed that deformation of a reinforced soil 57 block was considerably affected by spacing and stiffness of reinforcement layers. They 58 observed that the reinforcement length had a negligible effect on the deformation of a 59 reinforced soil block. In addition, it was observed that lengthening the reinforcement layers 60 led to a significant decrease in lateral displacement of the back of the reinforced soil section
61
[11].
63
Other studies on the backfill material indicated that the type of soil had an important effect on 64 the stiffness of the reinforced soil zone and consequently the active earth pressure at the back 65 of the reinforced soil [7, [13] [14] [15] . In general, it is accepted that the strength of soil or active 66 earth pressure coefficient is more important than the soil stiffness (e.g., [7, 16] . However, 67 using reinforcements with high stiffness in a dense spacing arrangement reduces the effect of 68 soil strength on deformation of the reinforced soil zone and, thus, soil stiffness and strength were used as a backfill immediately behind the GRS bridge abutment, showed that the lateral 79 stiffness of the structure increases, resulting in a decrease in deformation of the walls 80 subjected to severe lateral loading. Moreover, greater integrity has been observed between 81 backfill and abutment. In addition to improving the performance of GRS walls, using cement-82 treated soil can result in a decrease in thickness of the wall without a need to use pile 83 foundations, which is more cost-effective than common GRS walls [25] .
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As mentioned before, many studies have been performed on the behavior of GRS walls under 85 operational stress conditions to optimize the performance and to minimize the costs. Using 86 cement-treated reinforced soil can be an effective alternative to meet these goals. However,
87
there is no economic justification to implement this method for all projects due to the massive 88 volume of cement required. Therefore, the objective of this study is to propose a simple 89 method to improve the performance of GRS walls by applying a limited amount of cement 90 adjacent to the reinforcement layers. For this purpose, the finite-difference analysis is 91 employed to investigate the efficiency and the cost-effectiveness of this technique compared 92 with common GRS walls with different reinforcement arrangements. According to previous 93 studies on the behavior of cement-treated soil, it seems that using cement-treated soil in 94 reinforcement layers can improve the performance of GRS walls. 
Modeling of Backfill Soil

137
The continuum zone is utilized to simulate the backfill soil as a homogeneous, isotropic, 138 nonlinear elasto-plastic material with Mohr-Coulomb failure criterion and dilation angle.
139
Using the stress-dependent hyperbolic constitutive model [29] , a nonlinear elastic behavior is 140 considered for the backfill. This constitutive model is implemented using the FISH language.
141
In this hyperbolic model, the tangent elastic modulus, ( ) , the bulk modulus, B, and the 142 tangent Poisson's ratio, ( ) , of soil are calculated as: It should be noted that the boundary of backfill is extended to five times the wall height to properties of cement-treated soil are given in Table 2 .
160 161 
Modeling of Reinforcement Layers
170
Reinforcement layers are modeled using a cable element with strain-dependent tangent Table 3 . Moreover, the reinforcement layers are 179 attached rigidly to the facing based on the use of mechanical connections in the model. Moreover, in order to consider the compaction effects in the simulations, a uniform vertical 
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These observations confirm the efficient role of in controlling the wall deformation. In Figure 5 , the lateral displacement of GRS walls is compared for cement-treated backfill 266 relative to the untreated backfill using the same scheme of reinforcement distribution. This wall deformation along the height of the facing are presented in Table 5 .
270 271 As a result, using cement-treated backfill can be attributed to greater stiffness of the 275 reinforced soil in reinforced soil zone especially in areas adjacent to the reinforcement layers.
276
Therefore, due to strain compatibility between the reinforcement and the soil, the potential 293 294
Using cement-treated soil adjacent to reinforcement layers increases the inertial friction angle 295 of backfill soil. This makes the area of unreinforced retained fill above the zero force line 296 smaller. Hence, it appears that the movement of unreinforced soil behind the reinforced soil 297 block becomes smaller, which leads to a decrease in wall deformation. Moreover, as can be 298 seen in Figure 5 , applying cement-treated soil causes the locus of maximum deformation of 299 the wall to move down from H/2 to H/3. This is also due to the reduction of the unreinforced 300 soil zone behind the reinforced soil zone, which contributes to the top wall deformation. The lateral deformation of wall facing under static conditions is shown in Figure 7 for 
Force Distribution in Reinforcement Layer
328
In this section, the maximum force in the reinforcement layers along the height of the wall is 329 compared for different backfill conditions. As illustrated in Figure 8 , using the cement-treated smaller force would be required in the GRS wall system to maintain equilibrium. This results
341
in a reduction in the reinforcement maximum forces. The maximum forces in the reinforcement layers under operational conditions are shown in In summary, according to the results have been achieved in this study, using the peripheral 378 soil cement mixture can be a trustworthy method to improve the performance of GRS walls.
379
It should be mention that this improvement technique can be more economical than typical 380 types of GRS walls with rectangular or trapezoidal soil cemented zone due to reduction of 
Conclusion
384
Geosynthetic reinforced soil (GRS) retaining walls are widely used in many countries as 385 permanent structures. However, safety of these walls is always the first concern in their 386 design. In order to improve the behavior of this kind of soil structure, various improvement 387 methods have been recommended, such as using cement-treated reinforced soil. In this paper, 388 a numerical simulation has been conducted to study the effectiveness of using cement-treated 
